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A desinfecção dentinária é essencial para o sucesso do tratamento endodôntico, 
principalmente visando à regeneração pulpar. Para que a desinfecção seja obtida 
podem ser utilizadas diferentes medicações intracanal, soluções irrigadoras e 
associações entre elas. Entretanto, até o presente, não se tem conhecimento sobre os 
efeitos das medicações, soluções e associação entre elas na liberação dos fatores de 
crescimento presentes na dentina radicular, os quais são indispensáveis para o 
processo de regeneração. Assim, o objetivo deste estudo foi avaliar primeiramente o 
efeito de diferentes medicações intracanal e soluções irrigadoras na liberação do fator 
transformador de crescimento-β1 (TGF-β1) e fator de crescimento vascular endotelial 
(VEGF) da dentina radicular e, posteriormente, a associação entre elas na liberação do 
TGF-β1. Para isso, foram realizados 2 experimentos. Para o primeiro, 80 terceiros 
molares foram distribuídos aleatoriamente em cinco grupos para cada fator de 
crescimento considerando as soluções irrigadoras e os medicações intracanal: I. 
TGFβ-1 (n=8): NaOCl 2,5%, CHX 2% , TAP, UltraCal® XS,  EDTA 10%; II. VEGF 
(n=8): NaOCl 2,5%, CHX 2%, TAP, UltraCal® XS, EDTA 10%. Para o segundo, 39 
terceiros molares foram distribuídos (n = 13) compreendendo os grupos utilizando 
TAP seguido por CHX 2%, UltraCal® XS seguido por CHX 2% e EDTA 10%. Os 
dentes foram seccionados para obtenção dos terços cervicais radiculares e 2mL das 
soluções irrigadoras foram aplicadas por 5 min. Os espécimes contendo medicações 
intracanal foram armazenados por 7 dias. Após os tratamentos, os espécimes foram 
imersos em 220µL de EDTA 10% por 20 minutos para que ocorresse a exposição e 
liberação dos fatores de crescimento acima citados. A solução de EDTA 10% foi 
analisada para quantificação dos fatores de crescimento por meio do teste Enzyme-
linked Immunosorbent Assay (ELISA). Os resultados foram submetidos aos testes de 
normalidade, ANOVA um fator e teste de Tukey (p<0,05). Para o primeiro 
experimento, observou-se a liberação de 320 pg/mL de TGF-β1 para EDTA 10%, 250 
pg/mL para a UltraCal® XS e 190 pg/mL para a TAP (p<0,05). Quanto às soluções 
irrigadoras, observou-se a liberação de 320 pg/mL de TGF-β1 para o EDTA 10%, 
346pg/mL para CHX 2% e 70 pg/mL para NaOCl 2,5% (p<0,01). Quanto ao VEGF, 
não foi observada liberação em nenhum dos grupos estudados. Para o segundo 
experimento, a dentina radicular exposta à TAP + CHX 2% liberou 477 pg/mL de 




associação com a UltraCal® XS, observou-se a liberação de 297 pg/mL com diferença 
significativa entre os grupos (p<0,05). De acordo com as condições do presente 
estudo, conclui-se que: (1) a utilização da TAP e UltraCal® XS como medicações 
intracanal e CHX 2% e NaOCl 2,5% como soluções irrigadoras proporcionaram a 
liberação do fator de crescimento TGF-β1 da dentina radicular, mas não 
proporcionaram a liberação do VEGF e (2) a associação entre TAP e CHX 2% 
proporcionou maior liberação do TGF-β1 da dentina radicular em relação à 
associação entre UltraCal® XS e CHX 2 %.  
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Dentin disinfection is essential for the success of endodontic treatment, mainly when 
aimed regenerative/pulp formation. In order to obtain the disinfection, different 
intracanal medicaments, irrigation solutions and association among them can be used. 
However, until now, it is not known whether they would cause damage or negatively 
interfere in the growth factors release, which are present in the dentin and that are 
indispensable for the pulp regeneration process. Thus, the objective of this study was 
to evaluate the effect of different intracanal medicaments and irrigating solutions on 
TGF-β1 and VEGF releasing from radicular dentine and, the association between 
them in TGF-β1 release. Two assays were carried out. For the first, 80 third molars 
were randomly distributed in five groups for each growth factor (n=8) considering the 
irrigating solutions and intracanal medicaments: I. TGFβ-1:  2.5% NaOCl, 2% CHX, 
TAP, UltraCal® XS, 10% EDTA; II. VEGF: 2.5% NaOCl, 2% CHX, TAP, UltraCal® 
XS, 10% EDTA. For the second, 39 third molars were distributed (n=13) comprising 
the groups using TAP followed by 2% CHX, UltraCal® XS followed by 2% CHX and 
10% EDTA. The teeth were sectioned to obtain the radicular cervical thirds and 2mL 
of irrigants solutions were applied by 5 min. The specimens containing intracanal 
medicaments were stored for 7 days. After the treatment, the specimens were 
immersed in 220µL of 10% EDTA for 20 min to expose the growth factors. The 
EDTA solution was analyzed for growth factors quantification using ELISA. The 
results were submitted to normality, one-way ANOVA and Tukey's tests (p<0.05). 
For the first assay, it was observed significant difference among the intracanal 
medicaments (EDTA=320 pg/mL, UltraCal® XS=250 pg/mL and TAP=190 pg/mL) 
for TGF-β1 (p<0.05) and irrigating solutions (EDTA=320 pg/mL, 
2%CHX=346pg/mL and 2.5% NaOCl=70 pg/mL) (p<0.01). Regarding VEGF, no 
release was observed for any groups. For the second, it was not observed statistically 
difference among TAP + 2% CHX (477 pg/mL) and EDTA groups (473 pg/mL) for 
TGF-β1, but statistically difference was observed between UltraCal® XS + 2% CHX 
(297 pg/mL) and the other groups (p<0.05). It could be concluded: (1) the use of TAP 
and UltraCal® XS as intracanal medicaments and 2% CHX and 2.5% NaOCl as 
irrigating solutions provided TGF-β1 release from radicular dentine, but did not the 
VEGF release and (2) the association between TAP and 2% CHX provided greater 
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A terapia endodôntica é considerada um tratamento efetivo e definitivo em 
dentes com pulpite irreversível e necrose, apresentando prognóstico favorável a curto 
e longo prazo (Fouad et al., 2011). Entretanto, o tratamento endodôntico não mantém 
a vitalidade dentária, pois o tecido pulpar é removido para prevenir futuras infecções 
(Huang & Garcia-Godoy, 2014). O tradicional conceito de substituição do tecido 
pulpar e dental comprometido por materiais inertes vem sendo modificado por 
recentes avanços na biologia pulpar, levando a estratégias regenerativas, com vistas à 
formação de um novo tecido com vitalidade, utilizando biomateriais ou bioterapias 
(Murray et al., 2007; Huang & Garcia-Godoy, 2014; Schmalz & Smith, 2014).  
As vantagens da regeneração pulpar em relação ao tratamento endodôntico 
convencional são: (1) manter ou restaurar a vitalidade pulpar, (2) manter a resposta 
imunológica contra bactérias e toxinas invasoras, (3) manter a percepção da dor como 
um sistema de alerta, (4) propiciar dentina menos predisposta à fratura, (5) promover 
formação da dentina reacionária ou reparadora separando o tecido pulpar do local da 
lesão, (6) auxiliar na completa formação de raiz em pacientes jovens que sofreram 
traumatismo dentário, reforçando as paredes dentinárias e prevenindo complicações 
em longo prazo e, por último, (7) restaurar o tecido perirradicular (Galler, 2016). 
A Associação Americana de Endodontia define endodontia regenerativa como 
"procedimentos baseados na biologia projetados para substituir estruturas danificadas, 
incluindo estruturas de dentina e raízes, bem como células do complexo dentina-
polpa” (Murray et al., 2007; Smith et al., 2016). Os procedimentos endodônticos de 
regeneração estão sendo adotados e dentre estes se destaca a revascularização pulpar. 
Segundo as “Considerações Clínicas para um Procedimento Regenerativo” sugeridas 
pela AAE, os prodecedimentos regenerativos são recomendado para dentes com polpa 
necrosada e ápice imcompleto, visando à continuidade da formação radicular desses 
dentes. (Kim et al., 2018).  
 Para que haja a formação de uma nova polpa dentária, a engenharia tecidual 
depende de três fatores: sinais para a morfogênese, como os fatores de crescimento, 
células-tronco para resposta à morfogênese e o arcabouço ou scaffold da matriz 
extracelular (Nakashima & Akamine, 2005; Sonmez & Castelnuovo, 2013; 




liberados da matriz dentinária, desencadeiam respostas celulares, modificando a 
imunorresposta, a angiogênese, contribuindo para o recrutamento, diferenciação e 
proliferação celular e mineralização (Galler et al., 2015).  
Dentre os fatores de crescimento, há o fator transformador de crescimento-β1 
(TGF-β1), o qual está envolvido em eventos de sinalização relacionados à 
proliferação, diferenciação e recrutamento de células tronco/progenitoras para o local 
da lesão dentária, a fim de iniciar a regeneração, atuando assim como um fator 
estimulante para a reparação tecidual dentária (Zhao et al., 2000; Smith, 2003; 
Howard et al., 2010; Gonçalves et al., 2016). Além desse fator, existe o fator de 
crescimento vascular endotelial (VEGF), o qual é o mais potente fator angiogênico e 
vasculogênico, responsável pela promoção da proliferação, migração e sobrevivência 
de células endoteliais (Roberts-Clark & Smith, 2000; Ferrara, 2004; Zhang et al., 
2016; Yadlapati et al., 2017). Estudos mostraram que o VEGF possui a capacidade de 
indução de diferenciação das células-tronco em células endoteliais, modulando o 
desenvolvimento e formação de dentina (Oswald et al., 2004; Zhang et al., 2016; 
Yadlapati et al., 2017). Portanto, esses fatores são essenciais para o desenvolvimento 
de uma nova polpa. 
Para o sucesso da regeneração pulpar, quando o processo infeccioso está 
presente, esforços devem ser concentrados na combinação da desinfecção do canal 
radicular com soluções irrigadoras e/ou medicação intracanal para receber o tecido 
regenerativo biologicamente saudável (Murray et al., 2007; Fouad et al., 2011). Do 
ponto de vista clínico, o uso de soluções irrigadoras adequadas poderia liberar TGF-
β1 armazenado na dentina, contribuindo para o sucesso do tratamento endodôntico 
regenerativo, direcionando o destino celular (Galler et al., 2015; Gonçalves et al., 
2016).  
O hipoclorito de sódio (NaOCl) é uma solução frequentemente empregada na 
endodontia, o qual atua na dissolução dos tecidos orgânicos, removendo a parte 
orgânica da smear layer presente nas paredes dos canais radiculares (Violich & 
Chandler, 2010). A concentração de NaOCl pode variar de 0,5% a 5,25%, sendo que 
quanto mais alta a concentração, maior a eficácia, porém maior a citotoxicidade, 
resultando em efeitos prejudiciais às células-tronco e para o respectivo potencial de 
diferenciação (Galler et al., 2011; Trevino et al., 2011; Anil Kishen et al, 2016). Além 
disso, o uso do NaOCl durante e depois da instrumentação promove a desinfecção dos 




dissolver os componentes orgânicos presentes na dentina, permitindo uma maior 
difusão e adaptação da medicação intracanal e/ou material obturador (Pascon et al., 
2007; Violich & Chandler, 2010; Pascon et al., 2012(a); Jena et al., 2015).  
 Outra substância também utilizada na desinfecção dos canais radiculares é a 
clorexidina (CHX). A CHX pode ser utilizada clinicamente como solução 
antimicrobiana nas fases do preparo do canal radicular, na desinfecção do campo 
operatório ou na remoção de tecidos necróticos antes de realizar a determinação do 
comprimento do canal radicular. Além disso, pode ser empregada como medicamento 
intracanal isolada ou combinada a outras substâncias (Gomes et al., 2013). Em 
endodontia, a CHX é utilizada principalmente em duas concentrações (0,2% e 2%) e 
em duas formas de apresentação, líquida ou gel, sendo a atividade antibacteriana 
relacionada à concentração (Gomes et al., 2001). Os efeitos benéficos da CHX são 
devido à interação da carga positiva com o fosfato carregado negativamente nas 
paredes celulares das bactérias (Gomes et al., 2001; Mohammadi et al., 2014) e 
capacidade de alterar o equilíbrio osmótico das células bacterianas, aumentando a 
permeabilidade da parece celular (Mohammadi et al., 2014). 
Já o ácido etilenodiamino tetra-acético (EDTA), utilizado na irrigação final, 
atua na solubilização dos fatores de crescimento presentes na dentina, aumentando a 
biodisponibilidade, e ele também auxilia na adesão, proliferação e diferenciação das 
células-tronco (Galler, 2016). Além disso, para a técnica da regeneração pulpar, é 
recomendado o mínimo ou nenhuma instrumentação mecânica das paredes 
dentinárias, uma vez que os fatores de crescimento permanecerão disponíveis na 
camada de pré-dentina, podendo assim exercer efeitos biológicos sobre as células-
tronco da papila dentária (Galler, 2016; Gonçalves et al., 2016).  
 Além do uso das soluções irrigadoras, o emprego de medicações intracanal 
complementa os procedimentos de desinfecção. Esses materiais, quando usados em 
conjunto, criam o melhor ambiente possível para que os fatores de crescimento 
exerçam seu potencial regenerativo (Galler, 2016). Dentre os medicamentos utilizados 
tem-se a pasta antibiótica tripla (TAP), composta de metronidazol, ciprofloxacina e 
minociclina (1:1:1) e pastas à base de hidróxido de cálcio, como a UltraCal® XS. 
Estas pastas têm sido amplamente utilizadas como medicamento intracanal em 
estudos de regeneração pulpar em casos de dentes necrosados e com ápices abertos, 
apresentando características antimicrobianas e de reparação tecidual (Bansal & Jain, 




Estudos têm relatado que a TAP pode causar efeitos na dentina, como a 
diminuição da fase inorgânica (cálcio e fósforo), ocasionando diferenças na 
composição química, além de diminuir a molhabilidade e aumentar a rugosidade da 
superfície. Ainda pode apresentar efeitos citotóxicos indiretos em células-tronco 
derivadas da papila apical (Althumairy et al., 2014; Sabrah et al., 2015; Yassen et al., 
2015). Entretanto, a toxicidade contra as células-tronco é concentração-dependente. Já 
as pastas à base de hidróxido de cálcio apresentam atividade antibacteriana e 
excelentes propriedades biológicas e podem promover a sobrevida e proliferação das 
células-tronco da papila apical (Athanassiadis et al., 2007; Mohammadi & Dummer, 
2011; Ruparel et al., 2012).  
Estudo prévio avaliou a liberação de TGF-β1, FGF2 e VEGF de discos de 
dentina humana coronária após irrigação com diferentes concentrações de EDTA, em 
diferentes tempos e observou-se maior liberação quando da utilização de EDTA 10% 
(pH=7), por 20 minutos. Os pesquisadores avaliaram ainda a liberação de TGF-β1 
utilizando NaOCl 5,25% e CHX 0,12%, TAP e UltraCal® XS e observaram melhores 
resultados para a irrigação com CHX 0,12% e ausência de diferença significativa 
entre as pastas (Galler et al., 2015). Porém, não foram estudados os fatores de 
crescimento presentes na dentina radicular, local onde se é realizado o tratamento 
endodôntico regenerativo. Dessa forma, considerando a importância de se avaliar a 
liberação de fatores de crescimento da matriz dentinária radicular e que a dentina 
intertubular aumenta e a luz dos túbulos diminui progressivamente da região 
coronária para a região apical (Lo Giudice et al., 2015), esse estudo foi conduzido. 
Além disso, diferentes concentrações de NaOCl e CHX poderiam apresentar 
diferentes efeitos na liberação dos fatores de crescimento da dentina radicular, bem 
como quando associados a medicações intracanal, o que ainda não foi demostrado 
pela literatura atual.  
De acordo com o exposto acima e sabendo-se da relevância da realização de 
estudos baseando-se nessa nova área de pesquisa regenerativa, o objetivo foi avaliar 
primeiramente o efeito de diferentes medicações intracanal e soluções irrigadoras na 
liberação do TGF-β1 e VEGF da dentina radicular e posteriormente a associação entre 
elas, na liberação do TGF-β1, visando a regeneração pulpar. As hipóteses testadas 
foram que (1) TAP e pasta à base de hidróxido de cálcio proporcionam a liberação de 
TGF-β1, (2) TAP e pasta à base de hidróxido de cálcio proporcionam a liberação de 




2% e NaOCl 2,5% proporcionam a liberação de VEGF e (5) a associação de CHX 2% 


















































EFFECT OF INTRACANAL MEDICAMENTS AND IRRIGANTS ON 
RADICULAR DENTIN TGF-β1 AND VEGF GROWTH FACTORS 
RELEASE: AN IN VITRO STUDY 
 
























Aim: To evaluate the effect of different intracanal medicaments and irrigating 
solutions on TGF-β1 and VEGF releasing from radicular dentine and, the association 
between them in TGF-β1 release. 
Methods: Two assays were carried out. For the first, 80 third molars were randomly 
distributed in five groups for each growth factor (n=8) considering the irrigating 
solutions and intracanal medicaments: I. TGFβ-1:  G1- 2.5% NaOCl, G2 - 2% CHX, 
G3 – TAP, G4 - UltraCal® XS, G5- 10% EDTA; II. VEGF: G1- 2.5% NaOCl, G2 - 
2% CHX, G3–TAP, G4 - UltraCal® XS, G5- 10% EDTA. For the second, 39 third 
molars were distributed (n=13) comprising the groups using TAP followed by 2% 
CHX, UltraCal® XS followed by 2% CHX and 10% EDTA. The teeth were sectioned 
to obtain the radicular cervical thirds and 2mL of irrigants solutions were applied by 5 
min. The specimens containing intracanal medicaments were stored for 7 days. After 
the treatment, the specimens were immersed in 220µL of 10% EDTA for 20 min to 
expose the growth factors. The EDTA solution was analyzed for growth factors 
quantification using ELISA. The results were submitted to normality, one-way 
ANOVA and Tukey's tests (p<0.05).  
Results: For the first assay, it was observed significant difference among the 
intracanal medicaments (EDTA=320 pg/mL, UltraCal® XS=250 pg/mL and TAP=190 
pg/mL) for TGF-β1 (p<0.05) and irrigating solutions (EDTA=320 pg/mL, 
2%CHX=346pg/mL and 2.5% NaOCl=70 pg/mL) (p<0.01). Regarding VEGF, no 
release was observed for any groups. For the second, it was not observed statistically 
difference among TAP + 2% CHX (477 pg/mL) and EDTA groups (473 pg/mL) for 
TGF-β1, but statistically difference was observed between UltraCal® XS + 2% CHX 
(297 pg/mL) and the other groups (p<0.05).  
Conclusion: It could be concluded: (1) the use of TAP and UltraCal® XS as 
intracanal medicaments and 2% CHX and 2.5% NaOCl as irrigating solutions 
provided TGF-β1 release from radicular dentine, but did not the VEGF release and (2) 
the association between TAP and 2% CHX provided greater TGF-β1 release from 
radicular dentine in relation to UltraCal® XS and 2% CHX. 
 
Key words: Dentin. Tooth Root. Tissue Engineering. Transforming Growth Factor 





 Endodontic therapy has been considered an effective and definitive 
treatment for irreversible pulpitis and pulp necrosis (Fouad 2011), but it does not 
maintain tooth vitality since pulp tissue is removed to prevent future infections 
(Huang & Garcia-Godoy, 2014). Considering immature teeth with a necrotic pulp, 
they present multiple challenges to a successful outcome (Trope 2010, Jung et al. 
2019). They present large open apices along with divergent and thin root walls that 
are susceptible to fractures (Jung et al. 2019). For this, the traditional concept of 
replacement of compromised pulp and dental tissues by inert materials has been 
modified by advances in pulp biology advances, leading to regenerative strategies 
with the aim of forming a new tissue with vitality, using biomaterials or biotherapies 
(Murray et al. 2007, Huang & Garcia-Godoy, 2014, Schmalz & Smith, 2014).  
 Recently, a clinical protocol for root revitalization/revascularization of non-
vital immature permanent teeth has been introduced, being a cell homing strategy 
(Morotomi et al. 2019). However, some recent studies have reported drawbacks and 
unfavorable outcomes resulting from recurrence of periapical lesions, absence of 
continued root formation, and partial or complete intracanal obliteration (Nosart et al. 
2012, Lin et al. 2014, Song et al. 2017, Jung et al. 2019) explained by the formation 
of an ectopic tissue formation rather than regeneration of pulp-dentine (Shimizu et al. 
2013, Lei et al. 2015, Jung et al. 2019). 
  Based on this, a cell transplantation strategy, in which the stem cells are 
injected into root canal (Morotomi et al. 2019) to regenerate dental pulp, tissue 
engineering depends on three factors: stem cells for the morphogenesis response, the 
extracellular matrix scaffold and signals for morphogenesis, as the growth factors 
(Nakashima & Akamine, 2005, Sonmez & Castelnuovo, 2013, Albuquerque et al. 
2014, Althumairy et al. 2014). The growth factors are released from dentine matrix 
triggering cellular responses at the picogram level, modifying the immunoresponse, 
promoting angiogenesis, contributing to cell recruitment, differentiation and 
proliferation, and mineralization (Galler et al. 2015). The transforming growth factor-
β1 (TGF-β1) is involved in signaling events related to the proliferation, differentiation 
and recruitment of stem/progenitor cells to the site of the dental lesion, in order to 
initiate regeneration, thus acting as a stimulant factor for dental tissue repair (Zhao et 




 Another factor related to regenerative endodontics is the vascular endothelial 
growth factor (VEGF), that is considered the most potent angiogenic and 
vasculogenic factor responsible for the promotion of endothelial cell proliferation, 
migration and survival (Ferrara 2004, Zhang et al. 2016, Yadlapati et al. 2017). 
Studies have shown that VEGF is capable of inducing differentiation of stem cells 
into endothelial cells, modulating the development and formation of dentine (Oswald 
et al. 2004, Zhang et al. 2016, Yadlapati et al. 2017).  
 From the clinical point of view, for successful pulpal regeneration prior to 
growth factors release, when the infectious process is present, efforts should be 
concentrated on the combination of root canal disinfection with irrigating solutions 
and/or intracanal medication to receive biologically healthy regenerative tissue 
(Murray et al. 2007, Fouad 2011). In addition, minimal or no mechanical 
instrumentation of the dentine walls is preferred, since growth factors will remain 
available in the dentine layer and may exert biological effects on the stem cells 
(Galler et al. 2016, Gonçalves et al. 2016).  
Instead, sufficient chemical disinfection using an irrigant and intracanal 
medicaments is proposed (Jung et al. 2019). The American Association of 
Endodontists (AAE) recommends the use of lower concentration of sodium 
hypochlorite (NaOCl) in regenerative endodontic procedures, because NaOCl 
concentrations higher than 3% interfere with cell adhesion on the dentine surface 
(Ring et al. 2018, Jung et al. 2019). An alternative to NaOCl is the chlorhexidine 
(CHX) that acts as an excellent antimicrobial agent, removes the necrotic tissue and 
presents great substantivity (Gomes et al. 2013). After irrigation, intracanal 
medicaments use enhances disinfection procedures, assisting in the decontamination 
of the dentineal tubules. When used together, they create the best possible 
environment for the growth factors to exert their regenerative potential (Galler 2016). 
In the same vein, the use of lower concentrations of triple antibiotic paste (TAP) or 
calcium hydroxide can be recommended as intracanal medicaments (Ruparel et al. 
2012, Jung et al. 2019). 
 Previous study evaluated TGF-β1, FGF2 and VEGF release from coronary 
dentine after irrigation with different concentrations of EDTA at different times and a 
higher release was observed when using 10% EDTA (pH=7), for 20 min. Researchers 
also evaluated TGF-β1 release using 5.25% NaOCl and 0.12% CHX, TAP and 




significant difference between intracanal medicaments (Galler et al. 2015). However, 
it was not studied the growth factors present in radicular dentine, where the 
regenerative endodontic treatment is performed.  
 The intertubular dentine increases and the lumen of the tubules progressively 
decrease from the coronary region to the apical region (Lo Giudice et al. 2015) 
showing morphological differences between coronary and radicular dentine. So, 
knowing this difference and considering the importance of assessing growth factors 
release from radicular dentine matrix, this study was conducted. In addition, 2,5% 
NaOCl and 2% CHX could have different effects on growth factors release from 
radicular dentine, as well as when associated with intracanal medicaments that has not 
been demonstrated in the current literature. 
 Based on the cell transplantation strategy, with the intention of performing 
an effective disinfection without interfering in the release of the growth factors the 
objective of this study was to evaluate firstly the effect of different intracanal 
medicaments and irrigating solutions on transforming growth factor-β1 (TGF-β1) and 
vascular endothelial growth factor (VEGF) released from radicular dentine and, 
secondly, the association between them in TGF-β1 radicular dentine release. It was 
hypothesized that: (1) 2% CHX and 2.5% NaOCl provide TGF-β1 release, (2) 2% 
CHX and 2.5% NaOCl provide VEGF release, (3) TAP and calcium hydroxide 
provide TGF-β1 release, (4) TAP and calcium hydroxide provide VEGF release, and 
(5) the association of 2% CHX and TAP and/or calcium hydroxide provides TGF-β1 
release. 
 
2 MATERIALS AND METHODS 
2.1. Experimental design 
 This study was concept as a single experimental design considering as 
independent variable the treatment of the radicular dentine with irrigation solutions 
(2.5% NaOCl or 2% CHX) or intracanal medications (TAP and UltraCal® XS) on 
TGFβ-1 and VEGF releasing (dependent variables). In addition, it was analyzed the 
effect of the treatment on radicular dentine with intracanal medications (TAP and 
UltraCal® XS) associated with 2%CHX on TGFβ-1 releasing (Table 1). The total 
sample consisted of 119 third molars distributed into two experiments. For the first, 
eighty teeth were distributed randomly in 5 experimental groups (n=8), by each 




follow: I. TGFβ-1:  Group 1- 2.5% NaOCl, Group 2 - 2% CHX, Group 3 – TAP, 
Group 4 - UltraCal® XS, Group 5- 10% EDTA; II. VEGF: Group 1- 2.5% NaOCl, 
Group 2 - 2% CHX, Group 3 –TAP, Group 4 - UltraCal® XS, Group 5- 10% EDTA. 
For the second one, thirty-nine teeth (n=13), comprising the groups using TAP 
followed by 2% CHX, UltraCal® XS followed by 2% CHX and 10% EDTA.  
 
Table 1. Materials, composition and respective manufacturers used in the study. 
Materials Composition Manufacturer 
Batch Number 
2.5% Sodium hypochlorite 
(NaOCl) 












Triple Antibiotic Paste 
(TAP) 
33,34mg Metronidazole; 33,34 mg 
Ciprofloxacin and 33,34mg 





UltraCal® XS 35% calcium hydroxide, 20% 




10 % Ethylenediamine 
tetraacetic acid (EDTA) 







*The pH values for the irrigating solutions were measured using the pH meter in the 
Laboratory of Pediatric Dentistry of Piracicaba Dental School and referring to the 
intracanal medicaments was obtained from the manufacturer information. 







2.2. Tooth Collection and Radicular Dentine Preparation 
 This study was approved by the Research Ethics Committee of Piracicaba 
Dental School UNICAMP, under number 67891417.2.0000.5418. A total of 119 third 
human permanent molars were donated from young patients, with the mean age of 25 
years old. The selected teeth were sound, without carious lesions, with at least two 
roots and with no anatomical or pathological alteration. After extraction, teeth were 
cleaned with periodontal curettes to remove bone and periodontal tissue, were stored 
in 0.9% saline and frozen at -80°C. 
 The teeth were sectioned perpendicular to the long axis (mesiodistal direction) 
at the cement-enamel junction in a cutting machine (Isomet 1000, Buehler, Lake 
Bluff, IL) with diamond disc at low speed and water cooling. The crowns were 
discarded and the roots measured with a digital caliper (Mitutoyo, Suzano, SP, Brazil) 
and the first cervical third was sectioned in the same way, discarding the remaining 
roots. The specimens obtained were 3 mm thick of radicular dentine. Each exposed 
dentine surface was ground with 1200grit silicon carbide to expose the pulp in the 
occlusal and apical views. The remaining pulp was carefully removed with 
endodontic tweezers. After this preparation, the specimens were stored in 0.5% 
chloramine at 4°C for 24 hours before performing the experiment and the solution 
was replaced with deionized water 
 
2.3. Radicular dentine treatment with irrigation solutions  
 The specimens were treated with 2 mL of irrigating solutions as follows: 2.5% 
NaOCl and 2% CHX. They were covered by an acid-resistent varnish externally. This 
procedure promoted the irrigating solutions/medicaments contact only with pulp walls 
of cervical third. The solutions were applied for 5 min (Galler et al. 2015) for both 
analysis TGFβ-1 and VEGF. After using the irrigation solutions, the specimens were 
immersed in a new ultrasonic bath with deionized water for 3 min, transferred to a 48-
well plate and treated with 220 µL (protocol determined in a pilot study, unpublished 
data) of 10% EDTA (pH=7), as final irrigation, for 20 min, in a shaker table (CT-165, 
Cientec, Belo Horizonte, MG, Brazil) to expose the dentine growth factors (Galler et 
al. 2015). The EDTA solutions used in each specimen after the irrigation were stored 






2.4. Radicular dentine treatment with intracanal medicament 
 The specimens obtained as previously described were immersed in an 
ultrasonic bath (Ultrassonic Cleaner, Cristófoli Biosafety, Campo Mourão, PR, 
Brazil) with saline solution for 5 min and then in deionized water for 3 min to remove 
debris produced from the cut (Nakamura et al., 2013). After that, they were also 
covered by an acid-resistent varnish externally. Then, they were treated according to 
intracanal medicament: 100mg/mL of TAP, composed of metronidazole, 
ciprofloxacin and minocycline (1:1:1) mixed immediately before being used, and 
UltraCal® XS (paste based on 35% calcium hydroxide).  
 The TAP was inserted with a spatula (n°24, Golgran, São Paulo, SP, Brazil), 
used in the paste manipulation and UltraCal® XS with the own syringe. After insertion 
of the medications, the specimens were stored at relative humidity and stored for 
seven days at 37ºC. The medications were removed by irrigation with 20 mL of 
deionized water immersed in a new ultrasonic bath with saline solution for 5 min 
followed by 220 µL 10% EDTA at pH=7, for 20 min. The EDTA solutions used in 
each specimen after the use of intracanal medications were stored and frozen at -80°C 
for posterior analysis and quantification of growth factors 
 
2.5. Determination of TGF-β1 and VEGF concentration by ELISA assay  
For quantification of TGF-β1, experiments were performed separately for the 
irrigating solutions and the intracanal medicaments as described above. The EDTA 
solutions of each group specifically were defrost and analyzed according to the 
protocol described according the manufacturer’s instructions (Human TGF-β1 
PicoKineTM Elisa Kit, Boster Biological Technology, Pleasanton CA, USA, 
#27714991011) using ELISA assay. The standard analysis was prepared to create the 
calibration curve, wherein from 1000 pg/mL of growth factor and six serial dilutions 
were performed. Antibody and Avidin-Biotin-Peroxidase complexes were also 
prepared, both with 1/100 dilution. The samples were placed in a 96-well plate (100 
µL/well sample), comprising 3 incubation times. The absorbance’s were read in a 
microplate reader (Eon™ High Performance Microplate Spectrophotometer with 
Gen5 software, BioTek, Winooski, VT, USA) at 450nm, up to 30 min after addition 
of Stop Solution TMB for Substrate (tetramethylbenzidine), which ended the reaction 
between the antibodies and the growth factors present. Thus, the concentration of 




For quantification of VEGF, the EDTA solutions were defrost and analyzed 
according to the protocol described according the manufacturer (Human VEGF 
PicoKineTM Elisa Kit, Boster Biological Technology, Pleasanton CA, USA, 
#2531344413713) by ELISA. Each experiment was performed in duplicate. 
 
2.6. TGF-β1 release after the use intracanal medicament associated with CHX 
 After the determination of TGF-β1 released according the irrigation solutions 
protocols and using the intracanal medicaments based on independent experiment, a 
second experiment was conducted. For this, 2% CHX was chosen due to the best 
results obtained on the previous experiments, for irrigating solution. According to the 
initial protocol, thirty-nine prepared radicular dentine discs were randomly allocated 
into 3 groups with different protocols (n=13): 
1. 10% EDTA at pH 7 (220 µL/20min) 
2. TAP (100mg/mL for 7 days) followed by 2% CHX (2mL/5min) and 10% 
EDTA at pH 7 (220 µL/20min) 
3. UltraCal® XS (7 days) followed by 2% CHX (2mL/5min) and 10% EDTA at 
pH 7 (220 µL/20min).  
  After the final rising with EDTA, the solutions used in each specimen were 
stored and frozen at -80°C for further analysis. TGF-β1 release was quantified by 
ELISA assays, as previously described. 
 
2.7. Statistical Analysis 
Statistical analysis was performed using Past3 statistical software (Hammer, 
Ų., Harper, D.A.T., Ryan, P.D. 2001. PAST: PAleontological Statistics software, 
Version 3.21). The data from the first assay were transformed removing sizes from 
distances (Isometric Burnab), tested for normality and analyzed by ANOVA one-way, 
followed by Tukey’s test. For the second assay, the data were tested for normality test 
and analyzed by ANOVA one-way, followed by Tukey’s test. Differences were 
considered significant at p<0.05. The data were expressed as
 










3.1. TGF-β1 release after irrigation protocols  
  The effects of irrigating solutions on TGF-β1 release are summarized in 
Figure 1. It could be observed that 2% CHX provided the highest amount of TGFβ-1 
release (346 pg/mL), followed by 10% EDTA (320 pg/mL) and the lowest amount of 
TGF-β1 released from radicular dentine was provided by 2.5% NaOCl (79 pg/mL) 
(p<0.01).  
 
Figure 1. TGF-β1 release from radicular dentine after treatment with irrigating 
solutions: 2% CHX and 2.5% NaOCl. Data are presented as mean value and standard 
deviation. Different letters represent statistically difference among all groups by one-
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3.2. TGF-β1 release after treatment with intracanal medicaments 
  Figure 2 shows the effects of intracanal medicaments on TGF-β1 release 
from radicular dentine. Both intracanal medicaments showed significantly lower 
amount of TGFβ-1 than EDTA (320 pg/mL), with the lowest amount showed by TAP 
(190 pg/mL) (p<0.01). Radicular dentine treated with UltraCal® XS released 250 
pg/mL TGFβ-1.   
 
Figure 2. TGF-β1 release from radicular dentin after treatment with intracanal 
medicaments: UltraCal® XS and Triple Antibiotic Paste (TAP) for 7 days. Data are 
presented as mean value and standard deviation. Different letters represent 
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3.3. VEGF release after treatment with intracanal medicaments and irrigation 
solutions 
 VEGF release into radicular dentine of the third cervical was not detected. All 
groups released a minimum or equal concentration to zero.  
 
3.4. TGF-β1 release after association with intracanal medicaments and 2% CHX  
 Figure 3 shows TGF-β1 release by the association of TAP and UltraCal® XS 
with 2% CHX. There was no significant difference between 10% EDTA (473 pg/mL) 
and TAP + 2% CHX (477 pg/mL) on the TGFβ-1 release from radicular dentine. 
When UltraCal® XS was associated with 2% CHX, the values decreased significantly 
(297 pg/mL), showing difference with the groups studied (p<0.05). 
 
Figure 3. TGF-β1 release from radicular dentin treatment with UltraCal® XS 
associated with 2% CHX and TAP associated with 2% CHX. Data are presented as 
mean value and standard deviation. Different letters represent statistically difference 
between the associations and 10% EDTA and between the associations by one-way 
































 Considering the importance of knowledge about the effect of intracanal 
medicaments and irrigation solutions on the growth factors release regarding 
regenerative endodontic, the first hypothesis of this study was proved: both, 2% CHX 
and 2.5% NaOCl provided TGFb-1 release from radicular dentine, even so 10% 
EDTA.  
 Despite a previous study that showed TGF-β1 release with 0.12% CHX 
treatment in coronary dentine discs (Galler et al. 2016), it was verified in a pilot study 
(unpublished data) higher TGF-β1 release after use of 2% compared to 0.12% CHX. 
Despite higher concentrations used in the present study, our results corroborate with 
Galler et al. (2015), which also observed that CHX potentiated the TGF-β1 release, 
before conditioning with 10% EDTA (Galler et al. 2015). The differences in this 
study with ours are that we analyzed the radicular dentine substrate. Moreover, our 
specimen having a greater thickness of dentine (3 mm) compared to Galler et al. 
(2015) study (0.2 mm) and was covered by an acid-resistant varnish externally, so the 
contact area with the treatments and consequently the surface of growth factors 
release was smaller, being only the pulp wall. This may justify the lower values found 
in our study. 
 The 2% CHX potentialization in TGF-β1 release may be due to the fact that 
CHX is a cationic compound; therefore it binds to the phosphate present in the 
dentine, leading to release of calcium, favoring decalcifying (Cook et al. 2007, Sayin 
et al. 2009) and may have promoted greater TGF-β1 release. Used as irrigants, the 
association of 2% CHX and 17% EDTA induced morphological alterations and 
greater changes in Ca/P ratio of the dentine of the pulp chamber in the permanent 
tooth [Pascon et al. 2012 (b)]. The decalcifying process may also explain the greater 
TGF-β1 release from the present study when it was associated 2% CHX with 10% 
EDTA. In addition, 2% CHX solution and 2.5% NaOCl present less toxic 
concentration, and were used for 5 min, which may prevent denaturation of the 
growth factors present in the dentine (Galler et al. 2015) promoting release.  
 In relation to 2.5% NaOCl, our results showed a decrease in TGF-β1 release 
but not the absence, as observed in the study by Gonçalves et al. (2016). This can be 
explained by the fact that they used 2.5% NaOCl for 5 days, which may have 
denatured growth factors. However, it corroborates with the results of Zeng et al. 




17% EDTA was shown clearance of TGF-β1, when compared to irrigation with only 
17% EDTA or with deionized water. The NaOCl use during and after instrumentation 
promotes the disinfection of root canal systems, increasing dentine permeability by 
dissolving the organic components present in the dentine, allowing a greater diffusion 
and adaptation of intracanal medication and/or filling material (Pascon et al. 2007, 
Violich & Chandler, 2010, Pascon et al. 2012 (a), Jena et al. 2015). However, NaOCl 
is a potential irritant of periapical tissues, especially at high concentrations 
(Gonçalves et al. 2016). In relation to CHX, it promotes disinfection of the operative 
field; removal of necrotic tissue before root canal length determination, and it is used 
in the chemical-mechanical preparation as an intracanal drug alone or in combination 
with other substances with lower cytotoxicity when compared to NaOCl (Gomes et al. 
2013).  
 EDTA is frequently used in root canal treatment, in which its demineralizing 
effect removes the smear layer after canal preparation [(Pascon et al. 2012 (a), Pascon 
et al. 2012 (b)]. In addition, the literature has demonstrated that EDTA acts on the 
solubilization of dentine growth factors, increasing bioavailability, also assists in 
adhesion, proliferation and differentiation of stem cells in dentine (Galler et al. 2016). 
A recent study has shown that tissue formation through cell migration promoted by 
growth factors is possible through the dentine conditioning with EDTA, in which 
dentine-bound cells suggest the formation of newly formed type I collagen (Widbiller 
et al. 2018). In the present study, the EDTA solution was removed to quantify the 
growth factors. It should be emphasized that even with EDTA removal of root canal; 
the growth factors are exposed and remain on the dentine wall after conditioning with 
EDTA (Galler et al. 2015). Therefore, in a clinical scenario after the irrigation 
process, EDTA solution is removed and the exposed growth factors still have the 
ability to direct the cells to regeneration functions. Although it has been applied for 20 
min that leaves the clinical protocol, the present study demonstrated that treatment 
with 10% EDTA on root dentine promotes TGF-β1 release, which may be important 
to provide a signaling mechanism for stem/progenitor cell migration (Mathieu et al. 
2013) and odontoblast-like cell differentiation (Calt et al. 2000).  
 The data of the present study showed that TAP and UltraCal® XS did not 
interfere negatively on TGF-β1 release but showed lower values when compared to 
10% EDTA group, accepting the third hypothesis. However, concerning VEGF, no 




Considering the irrigating solutions, 2% CHX group showed higher values for the 
TGF-β1 dentine release, followed by EDTA group and the lowest values 
corresponded to 2.5% NaOCl. Besides, no release was observed for VEGF, accepting 
the first hypothesis and rejecting the second, respectively.  
 Regenerative endodontic is a triad-based: stem cells, scaffolds and growth 
factors. But for the complete success of this new research area, the disinfection 
process is essential, forming a quartet. There is a real task of encompassing all aspects 
and variables that apply to regenerative success in young permanent teeth, since the 
disinfection process is capable of directly influencing the proliferation and 
differentiation of stem cells influencing the regeneration process (Diogenes & 
Hargreaves 2017). 
 Regarding intracanal medicaments, the hypothesis was proved, data from this 
study showed that both TAP and UltraCal® XS promoted growth factors release. Both 
pastes provided lower TGF-β1 release from radicular dentine; but calcium hydroxide 
group released an average of 60 pg/mL higher than TAP. This can be explained since 
one study showed that the paste with antibiotics are difficult to remove completely 
clinically, retaining approximately 80% in the dentine wall, preventing further TGF-
β1 release, while calcium hydroxide pastes with water in composition, such as 
UltraCal® XS, is almost completely removed (Berkhoff et al. 2014). In addition, it 
should be noted that pastes were used for 7 days in this study, a protocol used by the 
regenerative endodontic procedures, being the minimum time for patient return after 
the introduction of intracanal medication [American Association of Endodontists 
(AAE) 2018)], which may have favored higher TAP retention. According to the AAE 
in “Clinical Considerations for a Regenerative Procedure", TAP has been indicated 
for cases of pulpal regeneration since this disinfection method is being clinically and 
radiographically successful (Nosrat et al. 2014, Kontakiotis et al. 2014, Asgary et al. 
2015). On this account, it can penetrate deep layers of dentine (Hoshino et al. 1996, 
Asgary et al. 2015) and promotes higher dentine demineralization produced by 
changes in the chemical structure (Yassen et al. 2015, Kim et al. 2018, Parhizkar et 
al. 2018). In relation to the results obtained with UltraCal® XS, data from this study 
corroborate with Graham et al. (2006), which demonstrated that calcium hydroxide is 





 Intracanal medicaments, overall, are used associated with irrigation 
solutions as NaOCl and CHX to enhance decontamination of intradentinal walls. The 
fifty hypothesis tested in this study was proved, since both tested associations, 
UltraCal® XS + 2% CHX and TAP + 2% CHX, were effective in release of TGF- β1 
release from radicular dentine. Interestingly, different from that observed in the in the 
first assay. When TAP was uses, it was observed the lowest TGF-b1 release, while 
TAP was associated with 2% CHX the TGF-b1 release was significantly increased, 
showing values similar to EDTA 10% group. One reason for this is that probably the 
irrigation with 2% CHX, after TAP initial removal with saline solution, could be 
enhanced the paste removal, reducing the retentivity of this medicament in radicular 
dentine and this enables EDTA to achieve greater contact, promoting a greater 
amount of TGF-β1 release. Furthermore, minocycline present in TAP has a chelating 
effect and this paste has the strong acidic nature (pH=2.9) (Yassen et al. 2013, 
Bottino et al. 2015, Parhizkar et al. 2018), which can demineralize the dentine surface 
(Eliades 1994, Yassen et al. 2013, Parhizkar et al. 2018). Although when analyzed 
separately resulting in a lower TGF-β1 release, when associated with 2% CHX 
(pH=5.4), may have increased and potentiated the demineralization of the radicular 
dentine and promoted the higher values of TGF-β1 release, as well as the chelating 
effect of EDTA. Moreover, this demineralization probably was accentuated when 
associated with 2% CHX (pH=5.4) as well as the chelating effect of EDTA.  
 Regarding VEGF, it is the most potent angiogenic and vasculogenic factor 
(Zhang et al. 2016). Some studies have shown that VEGF is normally expressed in 
the dental pulp (Matsuzaka et al. 2008, Virtej et al. 2013). In addition, VEGF was 
found also in normal healthy pulps with no signs of inflammation that suggests a 
locally VEGF production in pulp tissue and expression in the stromal cells is down-
regulated in irreversible pulpitis (Artese et al. 2002). Furthermore, it was observed 
that VEGF is involved in angiogenic processes in healthy as well as in diseased 
periodontal tissues (Booth et al. 1998). Other studies already showed the expression 
of VEGF in the dentine matrix. Roberts-Clark & Smith (2000) found lower 
concentrations of VEGF from dentine powdered, while Galler et al. (2015) observed 
VEGF from coronary dentine after EDTA conditioning, but at lower concentrations 
than TGF-β1. Zeng et al. (2016) showed in a root segment models that VEGF was 
released into canal space when irrigated with 1.5% NaOCl followed by 17% EDTA. 




should be noted that the array is only a qualitative assay, and the level of individual 
VEGF needs to be further validated by ELISA and not being able to inform which 
region of the radicular dentine this factor was released.  
 Surprisingly, in the present study it was not observed VEGF release in any 
groups evaluated. Even with the possibility of the presence of this growth factor in the 
dentine matrix, with the protocol proposed in this study and in the substrate analyzed 
(cervical root third of radicular dentine), in which the pulp was removed, the VEGF 
was not found. This growth factor could be present in the apical third region because 
it is closer to the vascularization region, since it participates in the processes of 
angiogenesis. An alternative, as already shown in a recent in vivo study, is to 
incorporate VEGF into a gel with a matrix of collagen to recruit stem cells and 
progenitor cells into the root canal (Matsuura et al. 2018). 
 Therefore, it is important to emphasize the use of intracanal medication and 
irrigating solution in the disinfection processes of pulp necrosis cases, since they can 
act in the structure of the root dentine and consequently interfere in the growth factors 
release. In addition, our study raises the importance of studying drug associations 
rather than studying them separately, as one can note the interesting results about the 
interaction between them. 
 Concluding, the choice of intracanal medicament and irrigation solution for 
the pulpal regeneration processes must be made carefully considering the antibacterial 
efficacy in the root disinfection procedures, the stem-cells, the matrix scaffolds 
biocompatible and dentine growth factors release. Our best results obtained in this 
study with TAP, 2% CHX and 10% EDTA should be tested over stem cells and 
designed an in vivo research and in clinical studies. 
 
5 CONCLUSION 
Considering the conditions of the present study, it could be concluded that:  
(1) The use of TAP and UltraCal® XS as intracanal medicaments and 2% 
CHX and 2.5% NaOCl as irrigation solutions provided TGF-β1 release from radicular 
dentine, while VEGF was not detected in the sample studied. 
 (2) The association between TAP and 2% CHX provided higher TGF-β1 
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3  CONCLUSÃO 
Considerando as condições do estudo, conclui-se que: 
(1) A utilização da TAP e UltraCal ® XS como medicações intracanal e CHX 
2% e NaOCl 2,5% como soluções irrigadoras proporcionaram a liberação do fator de 
crescimento TGF-β1 da dentina radicular, mas não proporcionaram a liberação do 
VEGF; 
(2) A associação entre TAP + CHX 2% proporcionou maior liberação do TGF-





























Anil Kishen, Ove A. Peters, Matthias Zehnder, Anibal R. Diogenes, and Madhu K. 
Nair.  Advances in endodontics: Potential applications in clinical practice. J Conserv 
Dent. 2016 May-Jun; 19(3): 199–206. 
 
Bansal R, Jain A. Overview on the current antibiotic containing agents used in 
endodontics. N Am J Med Sci. 2014 Aug;6(8):351-8. doi: 10.4103/1947-
2714.139277.   
 
Farhad AR, Shokraneh A, Shekarchizade N. Regeneration or replacement? A case 
report and review of literature. Dent Traumatol. 2016 Feb;32(1):71-9. doi: 
10.1111/edt.12200.  
 
Huang GT, Garcia-Godoy F. Missing Concepts in De Novo Pulp Regeneration. J 
Dent Res. 2014 Aug;93(8):717-24. doi: 10.1177/0022034514537829.  
 
Mohammadi Z, Jafarzadeh H, Shalavi S. Antimicrobial efficacy of chlorhexidine  as a 
root canal irrigant: a literature review. J Oral Sci. 2014 Jun;56(2):99-103.  
 
Zhao S, Sloan AJ, Murray PE, Lumley PJ, Smith AJ. Ultrastructural localisation of 









*De acordo com as normas da UNICAMP/FOP, baseadas na padronização do 
International Committee of Medical Journal Editors - Vancouver Group. Abreviatura 





APÊNDICE 1: Figuras ilustrativas com a descrição da metodologia empregada no 
estudo 
 
Figura 1.  Esquema delineamento experimental do estudo (experimento 1 e 2) 




• Liberação do fator transformador de crescimento-β1 (TGF-β1) – 40 dentes 
• Liberação do fator de crescimento vascular endotelial (VEGF) – 40 dentes 
 



















Figura 2. Ilustração do preparo dos espécimes 
 
2.1 Coleta dos dentes: 
 
A: Terceiro molar humano  
B: Limpeza com cureta periodontal (remoção do tecido ósseo e periodontal) 





















2.2 Preparo dos espécimes: 
 
A: Delimitação da junção cemento-esmalte 
B: Adaptação do dente com cera em placa de acrílico 
C: Corte da coroa  
D: Corte dos terços médio e apical da raiz  
E: Lixamento do espécime para exposição da polpa  
F: Remoção da polpa com pinça endodôntica  
G: Terço cervical da raiz (vista oclusal) 
H: Medição da espessura com paquímetro (3mm) 
I: Armazenamento em solução de cloramina 0,5% por no mínimo 4 horas e depois em 





2.3 Impermeabilização dos espécimes: 
 
A: Banho ultrassônico em soro fisiológico por 5minutos 
B: Banho ultrassônico em água deionizada por 3 minutos 
C: Impermeabilização com cera bastão  
D: Espécime impermeabilizado com cera nas faces oclusal e apical 
E: Impermeabilização com verniz ácido resistente 





2.4 Uso das soluções irrigadoras 
 
A: 2mL da solução testada em placa de 24 poços  
B: Espécime submerso  
C: Agitação por 5 minutos em mesa agitadora 
D: 220uL de EDTA 10% (pH=7) em placa de 48 poços 
E: Espécime submerso  
F: Agitação por 20 minutos em mesa agitadora 
G: Remoção do espécime 
H/I: Pipetagem da solução de EDTA 10% (pH=7) e armazenamento em eppendorf  de 
1,5mL. 










2.5 Uso da pasta tripla antibiótica (TAP) 
 
A: Antibióticos manipulados (Ciprofloxacina, Minociclina e Metronidazol 33,34mg 
de cada) 
B: Disposição dos antibióticos em placa de vidro + 1mL água deionizada 
C: Manipulação da pasta (consistência líquida) 
D: Introdução da pasta no espécime  
E: Armazenamento do espécime em recipiente com gaze umedecida em estufa a 37°C 
por 7 dias 
F: Remoção da pasta por meio de lavagem do espécime com água deionizada 
G: Banho ultrassônico em soro fisiológico por 5 minutos e água deionizada por 3 
minutos 




























2.6 Uso da pasta à base de hidróxido de cálcio  
  
A: Introdução da pasta no espécime 
B: Armazenamento do espécime em pote com gaze umedecida em estufa a 37°C por 7 
dias 
C: Remoção da pasta através de lavagem do espécime com água deionizada 










Figura 3. Ilustração do teste de quantificação dos fatores de crescimento 
utilizando ELISA (Enzyme-linked Immunosorbent Assay) 
 
A: Human VEGF e Human TGF-β1 PicoKineTM Elisa Kit (Boster Biological 
Technology, Pleasanton CA, USA) 
B: Preenchimento da placa de 96 poços com a quantidade de amostras indicada pelo 
fabricante 
C: Incubação (4 períodos de acordo com as instruções do fabricante) 
D: Placa de 96 poços após a finalização das reações  
E: Leitura da placa pelo espectofotômetro (Eon™ High Performance Microplate 
Spectrophotometer  
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